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APPARATUS FOR PRODUCING STEPWISE
MOVEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
moving an article stepwise in a predetermined direction
as, for example, a scientific instrument having a linear
adjustment mechanism.

2. Description of the Prior Art

Numerous mechanisms exist for the precise adjust-
ment of movable portions of adjustable apparatus.
Where such apparatus requires movement of a device
along a predetermined path, means for providing large
movements to the approximate desired position may
also need means for stepwise adjustment to an exact
position. Such an adjustment mechanism should prefer-
rably be capable of precise adjustment in either direc-
tion along the path.

The present invention provides such a device where
the depression of a button engages a claw onto an adja-
cent stepped member. Further depression of the button
forces the button, and positions of the device associated
with it, laterally along the stepped member in small
precise amounts. The device, however, does not pre-
clude free movement of the device along the stepped
member.

SUMMARY OF THE INVENTION

To achieve these and other objects of the invention,
there is provided an apparatus for providing stepwise
movement along an elongated, stepped member. The
apparatus is comprised of a holder disposed to move
along said stepped member. The holder has at least one
opening through it which contains a button mounted in
the opening. The button includes claw means that are
pivotally affixed to the button. Depression of the button
within said holder engages the claw with the stepped
member and further depression of the button causes the
claw to pivot and move the button and the holder later-
ally.

 Preferably, the button is elongated in a direction
substantially parallel to the stepped member and 1s p1v-
otably mounted to the holder. It is also preferred that
the button include two knob-hole projections, one on
each of its opposite ends. Individual claws are mounted
beneath each of the projections and are disposed to
move the button and the holder in opposite directions
depending upon which of the projections i1s depressed.
Depression of the projection engages one of the claws
with the stepped member.

Such an apparatus provides a precise means for mov-
ing a portion of a device in a predetermined direction
without precluding large changes in positions prior to a
final precise positioning. This and other objects and
advantages of the invention will become apparent from
the disclosure of the preferred embodiments or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 through 7 are representations of a first em-
bodiment of the invention, FIG. 1 is a plan view of the
same.

FIG. 2 is a cross-section taken along the line A—A of

FIG. 1.
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FIG. 3 is a cross-section taken along the line B—B of
FIG. 1.

FIG. 4 is an exploded perspective view of the major
portion of this embodiment.

FIGS. 5 through 7 are views similar to FIG. 2 but
show different positions of the elements of this embodi-
ment.

FIGS. 8 through 10 are views similar to FIG. 2 but
show different positions of the elements of a second
embodiment of the invention.

FIG. 11 is a view similar to FIG. 2 but shows a third
embodiment of the invention.

FIGS. 12 and 13 are cross-sections of two different
contact portions of an embodiment of the invention.

FIGS. 14 through 20 are views similar to those of
FIGS. 1 through 7 but show a fourth embodiment of the
invention.

FIGS. 21 and 22 are views similar to FIG. 15 but
shows different positions of the elements of a fifth em-
bodiment of the invention. |

FIGS. 23 and 24 are views similar to FIG. 15 but
shows the sixth and seventh embodiments of the inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will now be disclosed by means of
preferred embodiments.

A first embodiment is depicted in FIGS. 1 through 7.
In this embodiment an elongated frame 1, which 1s open
along its top, is provided with lateral guides 2 and 3
extending on the front and rear sides of the base of the
frame. As shown in FIG. 2, the base of the frame 1 has
two separate elongated stepped members, ratchets 4 and
5 along the lateral guides 2 and 3. Ratchet 4 has a ser-
rated form with teeth oriented diagonally and upwardly
to the right, while ratchet 5 (also in a serrated form) has
its teeth oriented diagonally and upwardly to the left.

A fixed base contact 6 is disposed in the center of the
base of frame 1 and extends longitudinally therein. As is
depicted in FIG. 4, a rectangular holder 7 includes
pivot holes 8 formed centrally in the opposite longer
walls. A support 9 is centrally and integrally formed to
extend between the opposite longer walls of holder 7.
As is depicted in FIG. 4, support 9 includes a support
recess 10 on its top. A contact strip 11 capable of up and
down movement is disposed on the underside of support
9 and is formed on its underside with movable contacts
12. The contact strip 11 is downwardly biased by a
compressive coil spring 13 interposed between the sup-
port 9 and the contact strip 11 so that the movable
contacts 12 are brought in contact with the fixed
contact 6 of the frame. The holder 7 as thus fabricated
is accommodated in the frame 1 and is carried on the
lateral guides 2 and 3 in a longitudinal direction.

A substantially rectangular and flat button 14 is dis-
posed within the opening on the upper surface of holder
7. Button 14 includes control knobs 14a and 145 formed
on opposite ends of the upper surface of button 14. The
pivot pins 15 are outwardly projected from the center
of the front and rear walls of the button. A sleeve 16
extends downwardly from the center of the upper wall
of the button and includes projection 18 fitted in the
sleeve 16 with a compressive coil spring 17 therebe-
tween for up and down biased movement of the projec-
tion 18. The button 14 is arranged in the holder 7 in such
a manner that the pivot pins 15 pass through the support
holes 8, such that the projection 18 abuts against and
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bears on the support recess 10. The support recess 10 1n 14 is in the horizontal position of FIGS. 2 and 7 so that
the holder 7 is formed with inclined surfaces 10z and the holder 7 may slide to the right or left by the button
105. The projection 18 normally bears on the center of 14 with the knob 142 or 145 not depressed. For this

the bottom of the support recess 10 to hold the button reason, the holder 7 may be readily moved to any posi-
14 in the horizontal original position shown in FIGS. 2 5 tion above frame 1 away from the original position.
and 7. The mismatch between the center of rotation of This first embodiment has, however, a disadvantage
the button 14 and the contact between the projection 18 that the holder 7 can be made to move laterally in the

and the recess 10 provides a bias of the button 14 to a direction being induced by the claw 19 by subjecting
horizontal position. the knob 14« to a lateral force to the right. Similarly, the

As is depicted in FIGS. 2-7, a claw 19 is pivotally 10 device can be made to overrun to the left if 145 1s de-
affixed adjacent the right end of botton 14 and engages pressed and the holder 7 is further moved to the left by

the ratchet 4 from above. The claw 19 1s given rota- a lateral force. The second embodiment of FIGS. 8
tional force in the direction of an arrow 21 by means of  through 10 does not have such a disadvantage. @
a torsion coil spring 20. This rotational force i1s con- In the embodiment of FIGS. 8 through 10, the device

~ trolled by a control projection 22 extending down- 15 is generally configured as the first embodiment of
wardly from the upper wall of the button 14, thus re- FIGS. 1 through 7 like numerals are used to designate

taining the claw 19 in the positions depicted in FIGS. 2 like or corresponding parts of the first embodiment. As
and 7. in the first embodiment, a claw 19 engages a ratchet4to

Another claw 23 is pivoted to the left end of the induce movement of the device to the right. Claw 23
button 14 above the ratchet § from above. The claw 23 20 engages a ratchet 5 oriented in the reverse direction as
is given rotational force in the direction of an arrow 23 ratchet 4 and disposed to move the device to the left.
- by means of a torsion coil spring 24. This rotational The following description is limited to only parts differ-
force is controlled by another control projection 26 ent from those in the first embodiment to avoid repeti-

extending downwardly from the upper wall of the but-  tion. |
ton 14. This will also return the claw 23 to the pos.1t10n 25  This second embodiment mcludes limit members 30
depicted 1n FIGS. 2 and 7. and 31, whose resilient base ends are fixed to the sup-

A cover 27 is mounted over the upper open end of the port 9 of the holder 7 and whose tip ends are disposed
frame 1 and is provided with a guide opening 28 formed  in opposition to the ratchets 4 (see FIG. 2) and 5 from
longitudinally on the frame 1 from which the upper above. The button 14 includes at its opposite ends pro-

position of the button 14 projects. 30 jection 32 to correspond to the tip ends of the members
The method of operation of this embodiment will 30 and 31 from above, respectively. .
now be explained. Knob 144 is depressed to move the button 14 in the

When knob 14« of the button 14 is depressed to rotate direction of the arrow 29, thereby engaging the claw 19

the button 14 in the direction of an arrow 29, the tip of  with the ratchet 4 to stepwise move the holder 7 to the -

the claw 19 engages the ratchet 4 as shown in FIG. 5. 35 'rlght However, the holder 7 is prevented from further
Further rotation of the button 14 in the direction of the moving rightward (see FIG. 10) by engagement of the
arrow 29 by depression of control knob 14a moves the tip end of the limit member 30 with the ratchet S since
button 14 and the holder 7 to the right as depicted n the projection 32 has depressed the tip end of the mem-
FIG. 6. Thereafter, when the knob 14q is released, the ber 30 into engagement with the ratchet 5. This is also
projection element 18 slides along the inclined surface 40 the case where knob 140 is depressed to move the but-
* 10a of the recess 10 to fall into the center of the recess  ton 14 in a direction opposite to the direction of the
by the action of the compressive coil spring 17 and the arrow 29. More specifically, the holder 7 is prevented
inclined surface 10a. When this occurs, the button 14 from further moving leftward by engagement of the tip
rotates in a direction opposite to the direction of the end of the member 31 with the ratchet 4 when the
arrow 29, and claw 19 is in turn rotated by the action of 45 holder 7 is moved to the left by one pitch of the ratchet
the torsion coil spring 20 in the direction of the arrow 3. | |

21. This will return the button 14 and the claw 19 to the The second embodiment has the advantage that the
original position as shown in FIG. 7. Accordingly, the holder 7 is positively stepwise moved right or left by
holder 7 in the position of FIG. 7 is in a position step- one pitch of the ratchet 4 or § but is prevented from
wise and rightward by one pitch of the ratchet 4 from 50 moving a distance exceeding one pitch.
the position of FIG. 2. In this manner, continuously - FIG. 11 is a view of a third embodiment of the inven-
depressing and releasing knob 14a disengages the claw tion, which is identical with the first embodiment except
19 from successive pitches of ratchet 4, thereby step- that the frame 1, holder 7 and the cover 37, etc. are in a
wise moving the holder 7 rightward in frame 1. circular or semi-circular form. In the embodiment of
On the other hand, when control knob 145 of the 55 FIG. 11, prime numerals are used to denote correspond-
button 14 is depressed to rotate the button 14 in a direc- ing or like parts of the first embodiment.
tion opposite to the direction of the arrow 29, the tip of The third embodiment has the advantage that the -

the claw 23 engages the ratchet 5 to stepwise move the  holder 7' may be stepwise moved along the circumfer-
holder 7 leftward because the ratchet 5 is inclined in the ence defined by the housing 1’ where there is no planar
reverse direction as that of the ratchet 4. 60 space for mounting such a device. In addition, in this
It should be noted that button 14 may be moved to embodiment if the structure as a whole is in a circular
the right if 14q is depressed or to the left if 14) is de- form, the holder 7' may be stepwise moved completely
~ pressed by the user without disengaging the claws 19 or around such a structure in either direction, i.e. to the left
23 in the ratchets 4 or 5. In this manner, the instant or to the rlght |
- apparatus may be used in the same manner as a conven- 65 FIG. 12 is a view showing a portion of an embodi-
tional sliding switch Furthermore, the claws 19 and 23 ment of the invention where it is applied to a variable
- are adapted to be out of contact with the ratchets 4 and resistor. This would be substantially identical with the
5 and kept upwardly away therefrom when the button first embodiment except that the frame 1 would include



4,679,453

S

a resistor band 33 in place of the contact 11, and that the
holder 7 would be provided with a support member 35
instead of the contact strip 11 to support a movable
element 34 of a leaf spring slidably in contact with the
resistor band 33.

FIG. 13 is a view showing a portion of an embodi-
ment of the invention where 1t 1s applied to a vacuum
selector device. It is similar to the first embodiment

except that the frame 1 is formed with a plurality of
channels 36 (only one is shown) in communication with
the vacuum source (not shown) such as a pump or the
like and a plurality of another channels 37 (only one 1s
shown) in communication with control means. The
fixed contact 6 would be eliminated and the holder 7
would include a support member 39, in place of the
contact strip 11, to support a valve body 38.

In this configuration, the channels 36 and 37 are in
- flow communication through the valve body 38 as the
holder 7 is incrementally moved to actuate the control
means by the vacuum. The channels 36 and 37 are made
incommunicable by the valve body 38 to restore the
control means.

FIGS. 14 through 20 show a fourth embodiment in
which the invention is applied to a shiding switch,
wherein like numerals are used to designate like or
corresponding parts of the first embodiment. The fol-
lowing description is limited to only parts different
from those in the first embodiment.

Referring to FIGS. 14, 15 and 16, the ratchets 4 and
5 are formed adjacent each other in the center of the
frame 1 which includes the fixed contacts 6 disposed
outside the central ratchets 4 and 5. The holder 40 is
formed with rectangular openings 41 and 42. Its center
includes a spring receptacle 43 above which an up-
wardly extending tension spring 44 i1s formed. A com-
pressive coil spring 45 1s interposed between the inner
surface of the spring receptacle 43 and the contact strip
11 resiliently connecting the movable contacts 12 of the
contact strip 11 with the fixed contacts 6. Buttons 46
and 47 are placed in the openings 41 and 42. These
buttons are vertically movable but are prevented from
slipping out by means applied to the mount openings 41
and 42 in the holder 40. Compressive coil springs 48 and
49 are incorporated between the knobs 46 and 47 and
the base wall of the holder 40 to urge the buttons 46 and
47 upwardly out of the guide opening 28 in the cover
27. A claw 50 is pivoted to the button 46 facing the
ratchet 4 from above and is given a rotational force in
the direction of an arrow 52 by a torsion coil spring S1.
The rotational force is limited by a wall 46a formed in
the button 46 to hold the claw 50 in the position of FIG.
15. A claw 53 is pivoted to the button 47 facing the
ratchet 5 from above and is given a rotational force in
the direction of an arrow 55 by a torsion colil spring 4.
The rotational force is limited by a wall 474 formed in
the button 47 to hold the claw 53 in the position of FIG.
15. The fixed contact 6 is shown in FIG. 15 in the center
for the convenience of illustration and may be located
elsewhere.

The operation of the fourth embodiment is substan-
tially similar to that of the first embodiment. For in-
stance, when the button 46 is depressed as shown in
FIG. 18, this lowers the claw 50 as well as the button 46
to cause the tip end of the claw to abut against the
ratchet. Then, the button 46 1s further depressed to
rotate the claw 50 against the ratchet 4, thereby step-
wise moving the holder 40 as depicted in FIG. 19.
Thereafter, when button 46 is released, the button 46
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and the claw 50 return to the position depicted in FIG.
20. Similarly, when the other button 47 is depressed, the
holder 40 is incrementally moved to the left in the same
manner as aforementioned.

Accordingly, the same results and advantages as
those of the previous embodiments may be derived
from the fourth embodiment. In addition, the buttons 46
and 47 are independently operated which may be an

advantage for certain devices.

FIGS. 21 and 22 show a fifth embodiment of the
invention wherein like numerals are used to indicate like
or corresponding parts in the fourth embodiment.
Those different from the parts in the previous embodi-
ment will be explained.

The buttons 46 and 47 are provided with limit mem-
bers 460 and 47b to engage the ratchets S and 4 (FIG.
15) from above.

The button 46 i1s depressed to stepwise move the
holder 40 to the right and to engage the limit member
46b with the ratchet § when the holder 40 is incremen-
tally moved by one pitch of the ratchet 4. On the other
hand, the button 47 is depressed to stepwise move the
holder 40 to the left by one pitch of the ratchet 5 so that
the stopper 47b engage the ratchet 4.

Therefore, the same result and advantage as those of
the second embodiment may be derived from the fifth
embodiment, namely that with either button 46 or 47
fully depressed the housing cannot be moved to the
right or left.

FIG. 23 shows a sixth embodiment of the invention,
which is similar to the fourth embodiment except that
substantially conical compressive coil springs 56 and 57
are used in place of the compressive coil springs 48 and
49. In addition, torsion coil springs 51 and $4 are dis-
posed between the button 46, the claw 50 and the base
wall of the holder 40 and between the button 47, the
claw 53 and the base wall of the holder 40. This reduces
the number of the springs.

FIG. 24 shows a seventh embodiment of the inven-
tion which is identical with the fourth embodiment
except that the frame 1, holder 40, and the cover 27,
etc., are in a arcuate, semi-circular or a circular form.
Like prime numerals are employed to designate parts
like or corresponding to parts in the fourth embodi-
ment.

As set forth above, the apparatus of the present inven-
tion has the advantage that the holder may be moved
along the frame in any amount but can also be moved
stepwise by depression of a knob or button and moved
a single incremental amount. In several embodiments
the holder can be locked in position after the incremen-
tal stepwise movement.

The invention is not limited to the embodiments as
described and illustrated in the accompanying drawings’
and may be modified without departing from the spirit
and scope of the invention. The scope of the invention
is to be determined by the appended claims and their
equivalents.

What is claimed 1is:

1. An apparatus for providing stepwise movement of
a holder along an elongated, stepped member, said ap-
paratus comprising:

an elongated stepped member;

a holder disposed to move along said stepped mem-
ber, said holder having at least one opening there-
through, with said opening being substantially nor-
mal to a surface of said stepped member along
which said holder moves; and



4,679,453

7

at least one button mounted in said opening, said
button including at least one claw pivotally affixed

to said button, wherein depression of said button

within said holder engages said claw in said

stepped member such that further depression of 5

said button causes said claw to pivot and move said
button and said holder laterally stepwise along said

stepped member and means for biasing said at least

one button to a central position where each claw is
out of engagement with said stepped member.

2. The apparatus of claim 1 wherein said button 1s
elongated in a direction parallel to the stepped member
and is pivotally mounted to said holder, said button
further including two knob-like projections, one on
each opposite end of said button, and two claws one
- pivotally affixed beneath each said projection wherein
depression of one said projection engages said claw
therebeneath with said stepped member to move said
button and said holder in opposite directions depending
upon which of said projections is depressed.

3. The apparatus of claim 1 wherein said apparatus
further includes stop means for selectively preventing
lateral movement of said holder.

4. the apparatus of claim 3 wherein said stop means
comprise at least one stop member dlsposed to engage
said step member when said button is moved vertically,
said stop member preventing lateral movement of said
holder in one direction.

5. The apparatus of claim 4 wherein said stop member
is a projection from said button. |

6. The apparatus of claim 4 wherein said stop member

" is an elongated member pressed into engagement with

said stepped member by depression of said button.
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- 8
disposed to move said holder in opposite directions
along said stepped member. S

8. The apparatus of claim 7 wherein said apparatus
includes bias means to retract said buttons from said
stepped member such that said claw means does not
engage said stepped member except upon depressmn of
said buttons in opposition to said bias means.

9. An apparatus for providing stepwise ‘movement
along an elongated, stepped member, said apparatus

comprising:
a holder disposed to move along said stepped mem-
ber, said holder having at least one Openmg there-
through; |
“at least one button mounted in said opening, said
button including at least one claw pivotally affixed
to said button, wherein depression of said button
within said holder engages said claw in said
stepped member such that further depression of
said button causes said claw to pivot and move said
button and said holder laterally along said stepped
member; and.
means for biasing said at least one button to a central
position where each claw is out of engagement
with said stepped member, said biasing means hav-
ing a support means affixed to said holder, said
‘support means mcluding an upwardly oriented.
recess, said button including a sprmg-biased projec-
tion disposed to contact said recess, said button

having a center of pivot spacially separated from

the surface of said recess such that pivoting of said
-button results in resistance from said spring-biased
projection. |
10. The apparatus of claim 9 wherein said recess
includes inclined surfaces disposed to engage said pro-

jection and impart a bias toward said central position.
* - e * * |
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